Surgical treatment of hip dysplasia by arthroscopic procedures remains controversial. The aim of this study was to compare outcomes of periacetabular osteotomy (PAO) after failed hip arthroscopy to a matched-control group without previous arthroscopy. Fifty-two patients who underwent PAO after failed hip arthroscopy were matched to two subjects without arthroscopy based on age, sex, BMI and radiographic severity. Pre-and postoperative patient self-reported outcomes and radiographic parameters were compared at minimum 1-year followup. Prior to PAO the failed hip arthroscopy group exhibited lower modified Harris hip scores (mHHS; 57 versus 62; P ¼ 0.04), WOMAC (59.9 versus 66.3; P ¼ 0.08), UCLA activity (5 versus 7; P ¼ 0.001) and SF12 physical scores (34 versus 40; P ¼ 0.001) compared with the non-arthroscopy group. At minimum 1-year follow-up, the failed hip arthroscopy group had lower mHHS (78 versus 87; P ¼ 0.003); worse WOMAC (84.1 versus 90.8; P ¼ 0.02) and SF-12 physical component (46 versus 50; P ¼ 0.02) with similar UCLA (7 versus 8; P ¼ 0.21) compared with the non-arthroscopy group. No differences were detected regarding radiographic parameters or in patient-reported outcomes from preoperative to follow up. PAO achieved the desired radiographic correction and significant improvement in pain and function after a failed previous hip arthroscopy, however, the patientreported outcomes were inferior to those of PAO without previous failed arthroscopy.
INTRODUCTION
Acetabular dysplasia is characterized by inadequate femoral head coverage by the acetabulum, which results in abnormal mechanics and potential labral and cartilage damage [1, 2] . Isolated hip arthroscopy has been suggested for the treatment of labral pathology, FAI and capsular laxity in the setting of mild hip dysplasia [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, because previous studies reported conflicting results, the role of an isolated hip arthroscopy for the treatment of hip dysplasia remains controversial [3] [4] [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] [20] [21] . While few studies [3-5, 7, 9, 12 ] report short-term improvement in pain and function after hip arthroscopy for patients with borderline dysplasia, others report inferior results and high failure rates (around 30%) in patients with mild-to-moderate dysplasia [6, 7, 10, 20] with an additional risk of potential iatrogenic instability and rapid progression of osteoarthritis [18, 20, [22] [23] [24] . A recent prospective study investigating hip arthroscopy failures suggested that amongst patients who did not improve with hip arthroscopy, 24% were diagnosed with acetabular dysplasia and underwent a periacetabular osteotomy (PAO) for definitive treatment [21] . PAO is a well-recognized treatment for symptomatic acetabular dysplasia with supportive literature regarding its safety [25] and good clinical outcomes relative to improved symptoms, function and preservation of the native hip at the V C The Author(s) 2018. Published by Oxford University Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com intermediate [26] and over 20 [27] and 30 years [28] after surgery. However, there is limited literature [15, 16] reporting outcomes of patients undergoing PAO after a previous failed hip arthroscopy.
The purpose of this study was to compare patientreported outcomes and radiographic correction in a cohort of patients with symptomatic acetabular dysplasia who underwent PAO after failed hip arthroscopy to a matched control cohort of patients who underwent PAO as an index procedure without previous hip arthroscopy.
MATERIALS AND METHODS
After approval by the institutional review board at the participating institutions, a query of the Academic Network for Conservational Hip Outcomes Research (ANCHOR) database identified 971 patients who underwent a PAO over a 4-year period. ANCHOR is a multicenter research group that has collected prospective longitudinal data for hip preservation surgeries including PAO. Inclusion criteria for the study group were patients who underwent PAO for the treatment of residual or persistent pain after an ipsilateral hip arthroscopy and the diagnosis of acetabular dysplasia associated with developmental dysplasia of the hip (DDH) based on lateral center-edge angle (LCEA) of Wiberg [29] lower than 25 or acetabular roof inclination of Tönnis [30] greater than 10 . Exclusion criteria were diagnosis different than DDH and previous open surgeries. Eight hundred and eighty-five patients underwent PAO for acetabular dysplasia associated with DDH and 147 patients underwent previous surgery. Our final study cohort consisted of 52 patients who underwent PAO for the treatment of symptomatic acetabular dysplasia after previous failed hip arthroscopy (Fig. 1) .
The ANCHOR database was searched for control subjects who underwent PAO as an index procedure with the following inclusion criteria: (i) diagnosis of acetabular dysplasia due to DDH; (ii) no previous hip surgery; (iii) no concurrent femoral osteotomy procedure. Each patient with PAO after failed hip arthroscopy was matched with two control subjects (no previous arthroscopy) using a modified nearest neighbor approach based on sex, age, BMI and LCEA. Subjects in the previous arthroscopy group were stratified in blocks based on sex. Controls were assigned to an appropriate block and control subjects closest in age (62 years) and body mass index (BMI; kg/m 2 ; 65 units) were matched together with each patient in the previous arthroscopy group. Finally, two control subjects with the closest LCEA to the study patient were selected if more than two potential subjects were identified. Minimum follow-up was 12 months and was achieved for all subjects enrolled in the study. For patients in the failed hip arthroscopy group, PAO was performed after a mean of 29.6 months (621.4 months) following the initial hip arthroscopy procedure.
Surgery was performed according to a previous described technique [31, 32] . At the time of PAO 25 (48%) patients in the previous arthroscopy group underwent an arthrotomy and 15 (33%) underwent a concomitant arthroscopy. Femoral head neck osteochondroplasty was performed in 29 (56%) patients, the labrum was repaired in 7 (14%) patients and debrided in 9 (17%) patients. In the non-previous arthroscopy group, 55 (53%) patients underwent an open arthrotomy at the time of PAO, while 25 (24%) patients underwent a concomitant hip arthroscopy. Femoral head neck osteochondroplasty was performed in 59 (57%) patients; labral repair in 9 (9%) and labral debridement in 10 (10%) patients.
Clinical outcome scores were prospectively collected before surgery and at minimum 1-year follow-up using the modified Harris hip score (mHHS) [33] , the WOMAC [34] , the 12-Item Short-form healthy survey (SF-12 including physical and mental components) [35] and the UCLA activity scores [36] . At latest follow-up, patients were considered to have an excellent mHHS outcome if the scores were higher than 90 points [37] .
Anteroposterior (AP) pelvic and false profile [38] radiographs were assessed preoperative and at most recent follow-up visit by measurements of the LCEA of Wiberg [29] , acetabular index of Tönnis [30] and anterior centeredge angle (ACEA) [38] . Osteoarthritis was classified on AP pelvic radiographs using the Tönnis classification [30] . Radiographs were assessed by the same orthopedic surgeon not involved in the clinical care of the patients. The intra-class correlation coefficients (ICCs) for intra-observer variability in a radiographic performed study of this same patient group was reported as being between 0.82 and 1.0, and the inter-observer reliability for LCEA between 0.42 and 0.92, Tönnis angle between 0.45 and 0.85, and ACEA from 0.55 to 0.88 [39] .
Statistical analysis
Patient characteristics were summarized using mean and standard deviation for continuous characteristics and by frequency and percent for categorical characteristics. Patient-reported outcomes and radiographic measurements were summarized and compared across treatment groups at baseline and at most-recent follow-up. Continuous measurements were compared at baseline and follow-up using Student's t-tests while binary characteristics where compared using a v 2 test and ordinal characteristics using the Cochran-Armitage test for trends. Change in patientreported outcomes and radiographic measurements was analyzed across treatment groups using linear mixed model analysis. Modeling controlled for the matched design of the study and for repeated measures on the same subject. All tests were two-sided and P-values less than 0.05 were considered significant.
RESULTS
There were a total of 52 patients in the previous failed arthroscopy group who were matched to 104 patients treated with PAO without previous arthroscopy. Mean patient age at time of PAO in each group was 25 years (P ¼ 0.93) on average at PAO, with average BMI of 24 (64) (P ¼ 0.74). Each cohort was 6% male (P ¼ 1.00) ( Table I ). The arthroscopy cohort was followed for a median of 1.8 years (range 1-5 years) and the non-arthroscopy cohort for a median of 2.1 years (range 1-7 years) (P ¼ 0.01).
At baseline before PAO the patients who underwent PAO after failed hip arthroscopy exhibited worse pain, function, and quality of life and lower level of physical activity as measured by lower mHHS (57 versus 62; P ¼ 0.04), lower WOMAC pain scores (53.5 versus 60.5; P ¼ 0.04), lower SF12 physical component scores (34 versus 40; P ¼ 0.001) and lower UCLA activity scores (5 versus 7; P ¼ 0.001) compared with the non-previous arthroscopy cohort (Table I) . At the most recent followup, patients in the previous failed arthroscopy group had persistent lower mHHS (78 versus 87; P ¼ 0.003) including a lower proportion of patients with an excellent (mHHS > 90) mHHS outcome (31% versus 54%; P ¼ 0.01). The WOMAC pain scores (P ¼ 0.01) and the SF12 physical component scores were also lower (P ¼ 0.02) in the previous failed arthroscopy group although no difference was observed for the UCLA activities scores (P ¼ 0.21) (Table II) . No difference was detected across the two groups with respect to the magnitude of change in the patient-reported outcomes from preoperative to most-recent follow-up (Table III) .
Radiographic measurements obtained before PAO showed that patients in each cohort had comparable severity of acetabular dysplasia as assessed by the LCEA (P ¼ 0.68), AI (P ¼ 0.17) and ACEA (P ¼ 0.11) as well as severity of hip osteoarthritis grade (P ¼ 0.35) ( Table I) . At most-recent follow-up, LCEA (P ¼ 0.86) and AI (P ¼ 0.95) were comparable across treatment groups; however, average ACEA was slightly higher in the previous failed arthroscopy group (36 versus 32; P ¼ 0.03) compared with the non-previous arthroscopy group (Table II) . No difference in the degree of correction of acetabular dysplasia, assessed by change in the radiographic measurements were observed between the two groups. (Table III) .
DISCUSSION
This study shows that PAO achieved pain, function and radiographic improvement in patients with failed hip arthroscopy with no differences across groups with respect to change in radiographic measures or in patient-reported outcomes from preoperative to follow-up. Although the improvement observed after failed hip arthroscopy supports PAO as a salvage operation, patients in the failed arthroscopy group had worse hip scores assessed by the mHHS, WOMAC, UCLA and SF-12 PCS at the most recent follow-up.
The of hip arthroscopy in the setting of acetabular dysplasia remains controversial with conflicting results regarding patient-reported outcomes improvement and proportion of surgical failure [3] [4] [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] [20] [21] . A recent systematic review suggested an overall high rate of re-operation and conversion to THA [11] . Arthroscopic treatment in the setting of acetabular dysplasia achieved inferior results and had higher failure when compared with hip arthroscopy for FAI without dysplasia. [7] Fukui et al. [6] described 5/28 patients (18%) underwent conversion to THA, 2 (7%) underwent a PAO and 2 (7%) required a revision hip arthroscopy for an overall proportion of 32% failure of arthroscopic treatment of mild- ). Another study reported similar proportion of failure (9/28 patients; 32%) in patients with hip dysplasia after arthroscopic labral repair, femoral osteoplasty and capsular closure [10] . An even higher rate of failure (24 of 34 patients, 70%) was reported after hip arthroscopy when the hip capsule is not adequately closed and labrum debridement is performed instead of repair in in the setting of dysplasia [20] . Further concerns have been raised after previous reports demonstrating hip instability and progressive osteoarthritis after hip arthroscopic surgery in the setting of hip dysplasia [18, 23, 24] .
Poor femoral head coverage assessed by LCEA is associated with up to three to five times higher risk of progression to osteoarthritis in population-based studies [40] [41] [42] . This is concerning because hip arthroscopy does not allow for correction of the abnormal hip mechanics in the setting of structural instability associated with inadequate femoral head coverage by a dysplastic acetabulum. At best, hip arthroscopy may allow for short-term improvement in symptoms without any evidence of long-term benefit regarding patient-reported outcomes or hip survivorship. In contrast, PAO allows biomechanical improvement by medializing and reducing cartilage stress in patients with hip dysplasia [43] and is an effective treatment of symptomatic hip dysplasia with reported survival of the native hip joint in 96% at 5-year [44] , 60% at 20-year [27] follow-up and 30% at 30-year follow-up [28] . Despite lack of long-term studies supporting hip arthroscopy in the treatment of hip dysplasia, a recent prospective study reported that 24% of the patients that failed hip arthroscopy were diagnosed with acetabular dysplasia and underwent a PAO for definitive treatment [21] .
To the best of our knowledge only two studies have investigated the impact of a previously failed arthroscopy on the outcomes of PAO. Jackson et al. [15] reported improvement in clinical outcomes at 2-year follow-up of a 31-year-old female who underwent concomitant arthroscopic labral repair and PAO after a failed hip arthroscopy in the setting of acetabular dysplasia. Kain et al. [16] compared 17 female patients who underwent PAO after previous failed arthroscopy to 34 patients that underwent PAO as index procedures. They reported no difference in change in the pre-and post-operative WOMAC scores between the two groups as well as no difference in the outcomes assessed before and after surgery. Although the authors suggested that failed arthroscopic treatment prior to PAO may not have an impact on the short-term outcomes after PAO, their findings should be interpreted with caution. Only 12 patients completed pre-and post-operative WOMAC scores and 3 of 17 (17%) of the patients in the failed arthroscopy group had progressed to a THA compared with only 1 (3%) patient in the non-arthroscopy group. Our data also showed improvement in patientreported outcomes after PAO in patients who had failed previous arthroscopy and the magnitude of change in outcome scores was not different than the change in patients that underwent PAO as an index procedure. However, we found that patients who had a failed arthroscopy had worse hip function, pain and quality of life assessed by the mHHS, WOMAC and SF-12 before the PAO and at the most recent follow-up. Most importantly, the percentage of patients with an excellent clinical result (mHHS !90) was markedly reduced in those with a failed arthroscopy when compared with those without previous arthroscopy.
This study has limitations. First and most important there is a potential for selection bias. The reason why arthroscopy was selected as the treatment of choice in the failed arthroscopy group is not clear because most patients underwent surgery outside the centers of the ANCHOR study group. Furthermore, the lack of patient-reported outcomes and intra-operative information does not allow us to establish a baseline comparison to the group that did not undergo a hip arthroscopy. The patients undergoing PAO with a previous failed arthroscopy could potentially [25] and by including multiple surgeons our findings may be better generalized. The long-term outcomes and hip survival of arthroscopic treatment of intra-articular pathology in the setting of acetabular dysplasia are unknown, and the proportion of early failure and reoperation appear to be higher than those after PAO even in mild dysplasia [45] . Some surgeons may offer hip arthroscopy for the treatment of labral tear in the setting of hip dysplasia based on the premise that it is a less invasive procedure and if it fails PAO could be performed later. In this study, we compared patient-reported outcomes and radiographic measurements in a cohort of patients who had undergone a previous failed hip arthroscopy to a matched cohort of patients who underwent PAO as the index procedure without prior arthroscopy. We found lower preoperative scores suggesting that patients with underlying acetabular dysplasia who do not experience improvement after hip arthroscopy have worse pain and function and lower physical activity level than patients with acetabular dysplasia undergoing PAO as the index procedure. We observed a similar magnitude of change in patient-reported outcomes between the groups suggesting that it is reasonable to consider PAO for the definitive management of patients with acetabular dysplasia that have recurrent or persistent symptoms after prior failed hip arthroscopy. However, at most recent follow-up after PAO, the clinical outcomes for the failed arthroscopy group were worse and the percentage of patients with excellent results was lower when compared with the non-arthroscopy group. Although we favor PAO for correction of the structural deformity, further studies are necessary to determine the best surgical strategy for symptomatic patients with hip instability associated with mild acetabular dysplasia (LCEA between 20 and 25 ).
